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paraventricular nucleus of the hypothala-
mus (PVH) that are providing projections
to the liver and those liver-related PVH
neurons are activated by the TRPV1-acti-
vator capsaicin (Gao et al., 2012). Thus,
in addition, TRPV1 may also regulate
glucose homeostasis by a direct TRPV1-
dependent modulation of the brain-liver
autonomic circuitry. Thereby, the present
study opens numerous new research ave-
nues focusing on the interplay between
aging and metabolic health through the
pleiotropic actions of TRPV1 in various
target sites.
Another aspect of TRPV1 signaling
that requires further attention is their en-
dovanilloid-dependent activation. Indeed,
considering the critical implication of
lipids in low-grade inflammation and in
the resultant neuronal and peripheral
insulin-resistance as well as cognitive
impairment, one could speculate that1006 Cell 157, May 22, 2014 ª2014 Elsevier Iactivation of TRPV1 by endovanilloid
lipids could be a mechanism at the cross-
roads of aging-associated decline in
cognition and metabolic health. Regard-
less of the endogenous ligand through
which TRPV1 limits lifespan, the availabil-
ity of potent TRPV1 antagonists opens
new therapeutic possibilities to improve
longevity and forestall the onset of age-
related disease.REFERENCES
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To provide broad immunity to a vast array of foreign antigens with a limited number of T lympho-
cytes, each cell has to recognizemany targets. By implementing a strategy to identify T cell receptor
(TCR) ligands and investigating at a fine granularity their structure and sequence relationship,
Birnbaum et al. demonstrate the surprisingly tight focus of such T cell cross-reactivity.The immune system must mount specific
host-protective responses to a large vari-
ety of pathogens. CD4+ and CD8+ T cells
contribute to host defense by employing
clonally distributed heterodimeric (ab)
receptors (TCRs) to recognize pathogen-
derived peptides presented on host cells
by major histocompatibility complex-en-
coded molecules (pMHCs). As a result of
nucleotide insertions and somatic recom-
bination of gene segments, the potential
combinatorial diversity of the TCR reper-
toire exceeds 1020 (Zarnitsyna et al.,
2013). This staggering theoretical diver-sity is tempered, however, by the fact
that each individual can only possess
at one time a tiny subset of possible
TCRs—at most equal to the total number
of T cells, 1011 for humans and 108 for
mice. Nevertheless, the actual diversity
is sufficient to respond to at least one
antigen expressed by any of a universe
of pathogens, avoiding repertoire holes
that pathogens could exploit. The obvious
implication is that every TCR must
recognize many distinct pMHC ligands
(Mason, 1998). This notion is consistent
with a large body of experimental evi-dence involving studies of individual
T cell clones, analysis of T cell develop-
ment in the thymus that requires selection
by self-peptides, and responses of T cells
to modified versions of their nominal
agonist peptide ligands (Morris and Allen,
2012).
Although cross-reactivity in TCR
recognition is widely accepted, answers
to two key questions have eluded the
field (Figure 1): what is the actual extent
of such cross-reactivity for any particular
TCR, and is there a pattern to such
cross-reactivity? In this issue of Cell,
Figure 1. T Cell Cross-Reactivity
A TCR repertoire (purple sphere) is several magnitudes less diverse than the total set of peptides that are presented byMHCmolecules (orange sphere). Hence, a
necessary feature of a TCR repertoire is that a T cell is able to recognize and respond to many peptides. Birnbaum et al. investigate the extent and nature of the
functional recognition universe of TCRs, differentiating between two models: (1) T cells recognize and respond to unrelated peptides by binding pMHCs with
diverse docking geometries or extensive CDR loop displacements, or (2) T cells recognize and respond to only peptides that are closely related to the original
agonist stimulus, binding to themwith the same docking geometry and accommodating differences from the priming ligandwithminor adjustments in the CDR3s.
Birnbaum et al. provide support for the latter model.
Schematics of the interaction interface between the TCR and pMHC are shown with the pMHC surface contacted by the TCR CDR loops shaded in pink (dotted
lines indicate comparison to agonist binding).Birnbaum et al. (2014) tackle these
questions in a technically superb study
that combines optimized pMHC display
libraries in yeast, deep sequencing,
functional assays, affinity measurements,
and crystallographic studies, culmi-
nating in the development of a predictive
algorithm to interrogate proteomic data
for epitopes able to trigger a given TCR
(Birnbaum et al., 2014). The authors
study the cross-reactivity of five CD4+
TCRs: three (2B4, 5cc7, and 226) from
mice that recognize a moth cytochrome
c peptide presented by the I-Ek MHCII
molecule and two from a human with
multiple sclerosis (Ob.1A12 and Ob.2F3)
that recognize the autoantigen myelin
basic protein (MBP)85–99 presented
by HLA-DR15. The authors designed
distinct peptide display libraries for
each of the two known agonist pMHCs,
allowing the expression of 1 3 108
different peptides bound to MHC mole-
cules on the surfaces of yeast cells. To
ensure binding to the MHC molecules,all peptides retained the two primary
anchor residues, whereas other positions
were varied. The authors then performed
three successive rounds of library selec-
tion with TCR-coated streptavidin beads
and sequence material from the immu-
noselected yeast cells to identify several
hundred unique peptides bound by each
TCR probe.
The relatedness of the identified pep-
tides is examined by clustering them ac-
cording to their sequence distance from
the next closest nonidentical sequence
in the set. In what many might consider
a surprising result, the selected peptides
are quite similar, differing by at most 3–4
amino acids, suggesting that TCRs do
not show highly degenerate recognition
of diverse, nonhomologous peptides
(Figure 1). Cross-reactivity appears to
be highly constrained within the large
possible shape and sequence space of
pMHC ligands. A concern is whether the
authors’ strategy of limiting the diversity
of the MHC-anchoring residues imposesCell 1artificial limits on the peptide sequence
search space. But in a nice proof of prin-
ciple, when the authors relax this restric-
tion by disallowing preferred amino acids
at the anchor positions to increase the
likelihood of selecting other peptides,
the peptides selected are frame-shifted
to re-establish these necessary anchor
residues and therefore remain closely
related.
Going beyond just sequence analysis,
the authors investigate the molecular
basis of TCR cross-reactivity by deter-
mining the crystal structures of 2B4 and
5cc7 with two distinct peptides in com-
plex with I-Ek. Some have previously
predicted extensive TCR degeneracy to
arise from substantial differences in the
geometry of receptor pairing with distinct
pMHC ligands. However, consistent
with the close relatedness of the isolated
peptide sequences, the differences in
the TCR-pMHC binding interface reside
largely in the arrangement of the variable
CDR3 loops that contact the peptide.57, May 22, 2014 ª2014 Elsevier Inc. 1007
The docking geometry of the TCR CDR1
and 2 loops with the pMHC seen with the
original ligand was retained (Figure 1).
Interesting and important issues remain
for future studies. Whether a similar con-
servation in ligand sequence will be seen
in terms of cross-reactive recognition of
the pMHC class I ligands of CD8+ T cells
is unknown. Even if such constrained
cross-reactivity is generalizable to most
TCRs, as the authors suggest, this does
not rule out the possibility that exceptions
might exist and could be important in spe-
cific contexts. Lastly, the screening meth-
odology used does not necessarily reflect
the full range of affinities over which
functional responses of T cells can occur.
Thus, peptides for which a TCR has very
low affinity may be missed. It is there-
fore unclear whether subthreshold self-1008 Cell 157, May 22, 2014 ª2014 Elsevier IpMHCs would also be homologous to
agonist peptides and bound in a similar
manner.
The focused nature of T cell cross-reac-
tivity allowed Birnbaum et al. to develop
computational tools and discover novel
environmental antigens stimulatory for a
given TCR, identifying TCR epitopes pre-
sent in plants, animals, and microbes.
The combined ability to gather a large
data set on patterns among peptides
recognized by a TCR and to design algo-
rithms to search proteomic databases for
such patterns has enormous promise as
a ligand discovery tool, both for when
the ligand might be unknown or for when
it is suspected that a cross-reactive
trigger has resulted in the expansion of
a T cell population. Such database ana-
lyses might provide an explanation fornc.the observation that memory T cell popu-
lations exist in humans for pathogens to
which they have never been exposed
(Su et al., 2013) or result in the identifica-
tion of microbial triggers of autoimmunity.REFERENCES
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In this issue, Alushin et al. report high-resolution structures of three states of themicrotubule lattice:
GTP-bound, which is stable to depolymerization; unstable GDP-bound; and stable Taxol and GDP-
bound. By comparing these structures at near-atomic resolution, they are able to propose a
detailed model for how GTP hydrolysis destabilizes the microtubule and thus powers dynamic
instability and chromosome movement. Destabilization of cytoskeleton filaments by nucleotide
hydrolysis is an important general principle in cell dynamics, and this work represents a major
step forward on a problem with a long history.Shinya Inoue´, a pioneer of cell dynamics,
imaged mitotic spindles in living cells with
polarization microscopy. The birefrin-
gence that he observed and its response
to perturbation showed that spindles are
built of aligned protein fibers that exist
in rapid dynamic equilibrium with a pool
of unassembled subunits. He proposed
that spindle fiber disassembly generates
force to move chromosomes in the
1950s, but the molecular details wereunclear (Figure 1A). Later biochemistry
revealed that spindle fibers are built of
tubulin, an ab heterodimer that must
bind GTP on its b subunit to polymerize.
GTP is hydrolyzed shortly after polymeri-
zation, releasing phosphate and leaving
GDP bound in the lattice (Carlier and
Pantaloni, 1981). Marc Kirschner and I
showed that the free energy of GTP
hydrolysis is used to destabilize the
microtubule. Microtubule ends containingGTP are stable and polymerize, whereas
ends containing GDP are unstable and
depolymerize (Figure 1B). The thermody-
namic drive toward disassembly caused
by GTP hydrolysis powers large length
fluctuations, called dynamic instability,
and is also thought to pull mitotic
chromosomes toward spindle poles in
many systems. Thus, destabilization
by GTP hydrolysis is fundamental to
the biology of microtubules. Mechanistic
